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Introduction 

Tetra Tech E M Inc. (Tetra Tech) was tasked by the U.S. Environmental Protection Agency (EPA) 

Region 7 Enforcement^und Lead Removal program to technically review "Evaluation of 

Recontamination Data, Herculaneum Missouri" dated July 8, 2009, prepared by Gradient 

Corporation on behalf of Doe Run Corporation. Specifically, the Tetra Tech Superfund 

Technical Assessment and Response Team (START) 3 was requested to review the report and 

offer comments on the technical validity of the assumptions, calculations, and conclusions 

provided in the report. The review was conducted under the authority of the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 and the Superfund 

Amendments and Reauthorization Act of 1986. The project was assigned under START Contract 

No. EP-S7-06-01, Task Order No. 0021. 

The following comments focus on assumptions and conclusions in Sections 3 and 6 of the report. 

Section 3 

Several conclusions drawn in Section 3 based on prior START reports raise concems regarding 

potential misunderstanding, misinterpretation, or misuse of START'S calculations and findings. 

Prior reports prepared by START provided some analysis of potential rates of increase, but this 

involved a large number of data sets (quarterly results for individual properties at relatively 

fi'equent intervals, at least in the earlier years) and the analysis was intended to serve as a limited 

"range-finding" exercise to give some indication of overall pattems. 

To draw conclusions for trends in the rate of increase over time with any degree of confidence 

requires a more rigorous analysis. Estimated rates of increase vary widely for different quads, 

properties, and time series, reflecting both spatial/temporal heterogeneity in the data and 

significant variability in the quality (and appropriateness) of the different ordinary least squares 

(OLS) and maximum likely estimation (MLE) regression results. START'S effort involved no 

attempt to verify model assumptions, identify (and potentially eliminate) outliers for individual 

regression models, and detennine whether any estimates should be excluded based on poor fit to 

the models. Given these uncertainties and the caveats START noted in our reports, drawing 

conclusions based on changes in the overall average rates of increase across years is not advised. 

Additional analysis may corroborate START'S determination that the average rate of increase for 
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properties close to the smelter has declined over time, but this cannot be concluded definitively 

from calculations that apply the data presented in the various START reports. 

There are two potential approaches - one that focuses on the small-scale spatial heterogeneity and 

the other that evaluates a "regional" trend. Both approaches have obvious pros and cons; 

however, a more expansive and careful assessment is needed in order to determine pattems in the 

rates of change over tirae conclusively. A more defensible inference of changes in the rates of 

increase over time would rest on additional analysis of small-scale spatial heterogeneify. That is, 

an explicit account of variation at a smaller scale would require a more exhaustive analysis of 

each data set, with potential elimination of quads or properties where lack of fit in the models 

introduces unacceptable uncertainty. The evaluation could focus on a reduced set of estimates for 

quadrants or properties with good linear fits; then it could provide much more reliable ranges 

(lower and upper bounds) or averages for the estimated rates of increase for each successive 

sampling event (which would support a more robust assessment of trends in the rates of increase 

over time). Conversely, the evaluation could focus on "regional" trends. That would involve 

looking much more closely at the spatial pattems, and developing a coherent strategy for 

grouping properties. The Gradient report suggests that air lead isopleth maps might be a better 

way to group properties than just using distance from the smelter. Tests for homogeneity could 

be applied to individual groupings to support pooling the data for various subareas, and then 

regional trends could be calculated for each group (subarea). 

Section 6 

The major assumption the report uses to model the movement of lead in soils is the following: 

"Data for cesium fallout in Sweden from the Chemobyl incident in 1986...provide an 
excellent depiction of soil mixing depth due to surface deposition as a function of time in 
undisturbed soil." 

This statement is the first sentence of Appendix B. The paper referred to specifies an effective 

diffusion coefficient of cesium that is used as a surrogate for the effective difiiision coefficient of 

lead. 

The document does not provide any solid evidence of expectation for good agreement between 

the effective diffusion coefficients for cesium and lead. Section 2 of the Gradient report (page 1) 
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lists the following processes expected to control mixing at lower depths of species deposited onto 

the surface: 

• Physical mixing (e.g. through the freeze-thaw cycle) 

• Chemical processes (dissolution of lead at the surface and adsorption of lead to soil 
particles at some depth) 

• Biological processes (e.g. mixing by earthworms and other bioturbators). 

This list seems to be comprehensive, assuming no mechanical disturbance of the soil, with 

possible addition of uptake by plants as another biological process that might move species within 

the soil. No discussion of the relative rates of the three types of process appears, however. These 

relative rates vary significantly and are site-specific. 

The chemical mixing process is expected to be controlled by water solubility, and therefore the 

rate of this mixing process will be specific to the metal (and molecular form of the metal). The 

physical and biological processes will likely be independent of the metal species but not 

independent of the geographic area. Therefore, knowing the relative rates of the three physical 

processes is important for assessing whether the effective diffusion coefficient of cesium is a 

good surrogate for that of lead. If the chemical process dominates, solubilities of the lead and 

cesium species in soil will be cmcial for assessing relative diffiisions of these metals to increased 

soil depths. 

The chemical process is likely to be relatively more important for a more soluble chemical. For 

instance, a (hypothetical) completely insoluble species would be mixed by only physical and 

biological processes, so one of those processes would control the rate of mixture. 

Other complicating factors must be considered. Rates of all three mixing processes may depend 

heavily on climate. In areas that do not undergo freeze-thaw cycles, mixing from the physical 

process should be slow. In areas with little precipitation, mixing from the chemical process 

should be slow. In areas with little biological activity (desert, for example), mixing from the 

biological process should be slow. 



The two conditions necessary to support application of the effective diffusion coefficient derived 

for cesium are: 

• The solubilities of cesium and lead species must be similar 

• The relative mixing rates within the area studied (Sweden) must be similar to those at 
Herculaneum. 

These two conditions are discussed separately in the following sections. 

Solubility 

Lead emissions from smelters are primarily in the form of lead sulfide (PbS), lead sulfate 

(PbS04), or (PbS04) (PbO)] (Spear and others 1998). Cesium deposition studied in the paper by 

Rosen, Obom, and Lonsjo likely occurred initially in the aqueous aerosol phase from rainout of 

atmospheric aerosols. The cesium likely was in the uncomplexed ion form (Cs"̂ ) or in a weak 

complex with chloride, nitrate, or sulfate anions. Table 1 lists solubilities of lead and cesium 

compounds of interest. 

Table 
Solubilities of Lead and Cesium Species of Interest 

Compound Solubility 
(grams/Liter water) 

Temperature 
(degrees Celsius) Reference 

Lead sulfide (galena) 0.1244 20 Kirk-Othmer 1992 
Lead sulfate (anglesite) 0.0425 25 Lide 1994-1995 
Lead sulfate (lanarkite) 0.044 0 Weast 1985-1986 
Cesium chloride 1860 20 Kirk-Othmer 1992 
Cesium nifrate 91.6 0 Weast 1985-1986 
Cesium sulfate 1670 0 Weast 1985-1986 
Cesium aluminum sulfate 3.4 0 Weast 1985-1986 

After deposition, cesium likely would complex with soil particles to form the less soluble forms 

of cesium (EPA 1999). However, greater solubility of the cesium in the initial deposited form 

likely would mean that the initial deposition in the Rosen, Obom, and Lonsjo study occurred at a 

larger depth interval than would be expected for dry deposition of lead emissions from a smelter. 

Dry deposition is likely to make up a significant portion of the lead emissions deposited in 

Herculaneum because of the short distance between the smelter and the areas of concem. 



The higher solubility of cesium may create a bias in the estimated effective diffusion coefficient 

because the diffusion modeling apparently assumes that the initial deposition takes place at the 

surface. Because the report provides little documentation of the modeling procedure used, the 

magnitude of this effect cannot be determined. 

Another parameter related to solubility is the partition coefficient, K j , between the aqueous and 

solid phases. Measured K j values for cesium vary over several orders of magnitude (from 10 to 

66,700 milliliters per gram) depending on the soil conditions (EPA 1999). Similarly, measured 

K<j values for lead vary over several orders of magnitude (from 150 to 44,580 milliliters per gram) 

depending on the soil conditions (EPA 1999). To support use of the Rosen, Obom, and Lonsjo 

data, it should be established that cesium has a similar K^ value in the Rosen, Obom, and Lonsjo 

sites to the K4 value for lead in the Herculaneum area. The Rosen, Obom, and Lonsjo sites 

appear to cover a wide variety of soil types, and Gradient's report apparently attempted to fit the 

data to all eight profiles simultaneously. An effective diffusion coefficient from a site (or sites) 

with a Kd for cesium similar to that expected for lead at Herculaneum would be more appropriate 

than an average based on all eight sites. 

Relative Mixing Rates 

The sites studied by Rosen, Obom, and Lonsjo are all in Sweden. The mean annual precipitation 

ranges from 539 to 754 millimeters per year (21.2 to 29.7 inches per year) at the eight sites 

(Rosen, Obom, and Lonsjo 1999). This is less precipitation than in the Herculaneum area, but the 

high solubility of cesium compared with that of lead likely means that downward migration of 

cesium at the Swedish sites exceeds that of lead at Herculaneum. 

Differences in physical and biological rates at these sites are not clear. Possibly, both the freeze-

thaw cycle and biological processes may contribute more mixing in Missouri that would be 

expected in Sweden. However, without knowing the relative importance of these rates compared 

to the chemical mixing rate, the significance of physical and biological rates in Herculaneum is 

altogether unknown.. 

A study in Australia found that roughly 85% of a lead radionuclide (̂ '"Pb) at several sites was 

located within the top 10 centimeters (cm) of soil. Based on an exponential equation, 95% of the 

'̂"Pb was in the top 15 cm of soil (Doering, Akber, and Heijnis 2006). In contrast, at the eight 
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sites in the Rosen, Obom, and Lonsjo study, between 74.5 and 97.5 percent of the '^'Cs was in 

the top 10 cm only 6-9 years after the Chemobyl event. The fraction of '^'Cs in the top 15 cm 

was between 87.5 and 99.5 percent (Rosen, Obom, and Lonsjo 1999). Although the data range 

widely, this emphasizes the need to validate use of the effective diffiision coefficient for lead. 

Conclusions 

Although the effective difEusion coefficient used by Gradient may be appropriate for modeling 

lead concentrations in surface soil at Herculaneum, it also may greatly overestimate the 

downward migration rate of lead in soil. Gradient has not provided any evidence supporting the 

use of the Rosen paper, and the wide range of partition coefficients for cesium and lead suggest 

that this may not be protective of human health. 
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